Abstract-One of the main challenges in the industrial world is presence of dyes in water bodies, which can create lots of problems. Researchers have recently focused a lot on removing dyes by use of low cost techniques or waste material. A huge amount of waste paper is daily produced in many places. This study has been conducted to investigate the possibility of using waste paper as an adsorbent to remove methylene blue (MB) dye from water. With total of six variables observed, the experiment was divided into two parts using central composite design, and employing Response Surface Methodology (RSM) by using Design-Expert 6.0.7 Software. After certain optimization following the criteria from software prediction, the highest removal of MB was found to be 95%. Pulped waste paper shows good sorption ability and the optimum conditions were found.
I. INTRODUCTION
In this generation, environmental issues such as water pollution are becoming increasingly significant. One of the many issues that contribute to water pollution is the presence of dye in industrial wastewater. Dyes have been reported to be used by Chinese for the first time in 2600 BC [1] . Ever since, the use of dyes in different industries has significantly increased. Many industries such as paper, plastic, leather and textile industry etc. are amongst the many industries that use dyes to color their products. As a result, these industries produce a substantial amount of colored wastewater (Rafatullah et al., 2010) . One of the most commonly used dyes in the industries, and subsequently one of the main contributor to dye wastewater pollution is methylene blue (MB) [2] .
While it is commonly used, many people do not understand the effect of MB exposure. Even the dye concentration of MB is as low as 1ppm, the color is not only highly visible, but exposure to MB may affect the flora and fauna directly due to the water eutrophication, which will endanger their growth. Direct contact to animal"s eye will cause eye-burn as well, and result in a permanent injury [3] . Same case could happen to human health as well regarding the direct contact to visual senses. Nevertheless, there are some extra precautions like inhalation of MB that will cause difficulties in breathing and ingestion through the mouth that may cause nausea, vomiting, profuse sweating, mental confusion, and methemoglobinemia [4] . Thus, it is utmost important to treat MB dye wastewater even at low concentrations.
One of the most common methods for dye removal at low concentration is adsorption, which is seen as a simple yet innovative way to remove dye pollutant from the effluent [5] . Currently, commercial activated carbon (CAC) has been utilized as an adsorbent to perform adsorption of dyes in wastewater because of its extraordinary property for instance large surface area, high adsorption capacity and micro porous structure. However, its use is limited due to its high regeneration and capital cost [6] - [8] . Hence, researchers are now focusing on the development of alternative new low cost adsorbents, which are more sustainable and having equivalent advantages as that of CAC.
Many low cost adsorbents have been investigated on the adsorption on MB dye. Investigation of the adsorption of MB using bamboo charcoal in the range of 100-500 mg/L dye initial concentration achieved percentage removal in the range of 28%-98% [9] . Liu et al. [10] investigated the relation between pH and MB adsorption onto kapok fiber with the pH ranging from 2 to 10. At low pH from 2 to 6, the adsorption was not stable and found to be fluctuating between 20% and 75%, achieving highest percentage removal at optimum pH of 6. Yan et al. [11] also reported the effect of pH for MB adsorption by using carboxy-methyl cellulose as the sorbent material. It was found that the adsorption capacity increased with increasing pH, reaching a maximum adsorption capacity of 300mg/L at optimum pH of 10. A same maximum adsorption capacity of 300mg/L was also achieved by Bagane and Guiza using clay as an adsorbent [12] .
These low-cost adsorbents show good affinity towards MB dye due to the existence of cellulose in these adsorbents, particularly carboxy-methyl cellulose. As cellulose has negative value surface charged at wide range of pH, strong electrostatic attraction exist between it and the cationic MB dye, which leads to adsorption [10] . There is a large amount of waste paper in different forms produced daily. A lot of this cellulosic material is burned to create heat and only part of it is recycled for pulp and paper industries. Putting this fact besides the sorption ability of cellulosic material, waste paper makes a potential green source to be used as low cost adsorbent for dye removal. Pulped waste paper is introduced in this work as another potential cellulose-based low cost green adsorbent for the removal of MB. As the ability and efficiency of this material on adsorption has not been investigated, this work is aimed to investigate the adsorption efficiency of it on MB by varying parameters which include dye initial concentration, dye, shaker speed during batch adsorption, initial pH, equilibrium time, dosage of adsorbent and concentration of salt for ionic strength. Besides that, this work is also aimed to obtain the optimized sets of parameters with the best maximum percentage removal of MB dye using response surface methodology.
II. MATERIALS AND METHODOLOGY

A. Materials
The raw material for recycled pulp is A4 toner-attached paper from Monash University Sunway Campus. For consistency of experiments 0.1M of NaOH and HNO 3 were prepared for the adjustment of pH. Na 2 SO 3 is also prepared for ionic strength experiment. Methylene Blue is purchased from Sigma Aldrich, in a powder form.
B. Methodology 1) Pulping process
For pulping process, 400mL of distilled water was poured inside a 1L beaker, in which 2 pieces of same size waste papers obtained from print room Monash University Malaysia, were soaked for 30s. The soaked papers were then blended for 5 minutes in a commercial blender (TEFAL). After that, the pulp sample was poured into a 500ml beaker, whereby it was freeze dried for 24 hours using Scanvac Coolsafe freeze dryer. The dried pulp samples were then characterized using Scanning Electron Microscope (SEM) for size measurement, Zeta potential measurement for surface charge and Brunauer-Emmett-Teller (BET) for surface area.
2) Adsorption process
For the adsorption, 50ml of MB solution was prepared in Erlenmeyer flask in a known concentration. The required pH of the dye was adjusted using 0.1M of NaOH or HNO 3 . For ionic strength experiment, a desired amount of Na 2 CO 3 was also added into the MB solution. A desired mass of paper pulp was then added into the MB solution, and was mixed in an orbital shaker at desired speed. At a desired time, part of the MB dye was pipetted into 1.5ml centrifuge tube, whereby it was centrifuged using a micro centrifuge (Labogene scanspeed mini, Denmark) at 600rpm for a minute. After that, the top part of the liquid layer was taken, the absorbance value was measured using UV-VIS Spectrophotometer (Agilent-Cary 100 UV-Vis, USA), and thus the final dye concentration was obtain with correlation to absorbance value from a calibration curve prepared beforehand. The percentage removal was then calculated using the equation (1) .
where, C i represents the initial concentration of solution, while C f is the final concentration of solution. Table I shows the ranges of parameters and values defined for this experiment.
3) Response surface methodology
Response Surface Methodology (RSM) was utilized to optimize the parameters involved in the adsorption of methylene blue dye onto recycled paper pulp. The optimizations were conducted in two parts to avoid excess number of parameters in one set of design. This was performed to make sure that high number of parameters does not jeopardize the accuracy of the statistical analysis. The first part was optimized based on parameters including initial concentrations, pH and shaker speed. The second part was optimized including parameters time, Na 2 CO 3 concentration and adsorbent dosage, with a fixed initial concentration of 5ppm. The other three parameters were kept constant at each set of the parameters at their respective center point. 2 set of central composite design were designed using Design Expert software (StatEase 6.0.7, USA) with an α value=0.5. The actual values of each parameter at each part were based on ranges of parameters value are tabulated in Table I . Table III and Table IV show the sets of designs for set 1 and set 2, respectively. For each set of design, experiments were conducted at these set of parameters to investigate the percentage removal as the response. Graph of predicted response against actual response for the removal of MB was also generated to verify the validity of data collected. For each set of parameters a quadratic model was developed by the software and was used to predict the behavior of the system and to optimize the parameters. Experiments were also conducted at these optimized conditions, whereby the actual percentage removal was obtained and was validated in comparisons with predicted percentage removal. Fig. 1 shows the SEM image of recycled pulp produced after being freeze dryed. Fine fibrous tape-shaped structures, which did not agglomerate were observed. This is because sublimation process takes place due to the low pressure vacuumed by the pump and low temperature from the freezer, and therefore the gas-solid phase of water is achieved. The range of temperature and pressure where gas-solid phase occurs is between 0 to -130 o C and also at any pressure less than 1 kPa [13] , which can be achieved through freeze dryer with vacuum pump. Thus, the pulp generated will not agglomerate to each other leading to a higher surface area and therefore a better chance of adsorption.
III. RESULTS AND DISCUSSIONS
A. Characterization 1) SEM-imaging
The smallest pulp fiber diameter obtained in this experiment was 5.75 mm. In comparison with study done by Chandra et al. [14] , smaller particle size can be achieved by using different material such as bamboo with 2.7 mm or cotton stalks with 0.8 mm in size. The reason why recycled paper pulp will give bigger size is because of the compactness structure of the fiber during the paper making process. It has already been compressed and therefore it tends to stick to each other in comparison with natural cotton stalk or bamboo.
2) Zeta potential testing
Zeta potential test for the fresh pulp before adsorption at different points of pH was carried out. From the graph shown in Fig. 2 , the most negative charge will happen in pH between 5.5 and 7. A significant drop in zeta potential could be seen from pH 4 to pH 5.5 due to the occurrence of deprotonation. However, at pH around 5.5 to 7, the zeta potential value shifted towards positive charges due to the excessive hydroxyl group present. As comparative study with literature review, Yan et al. [11] reported that the zeta potential would only go towards positive charges starting at pH 10 with carboxymethyl cellulose as adsorbent. The reason why recycle paper pulp had different turning point is probably due to the extreme negative charge caused by the carboxyl group on CMC [15] . Also the difference could be attributed to the presence of some chemicals during the paper making process and also the ink and tuner present on waste paper. Major basic chemicals used during paper production are Alkylphenol Ethoxylates and sodium hydroxide [16] . With the present of these chemicals even in only small amount, it will affect the turning point for the zeta potential of paper pulp. Therefore, it was expected to have the best methylene blue removal at pH between 5.5 and 7 as the most negative charged which is -16.2 mV is achieved in this range of pH. 
3) BET test-surface area
BET was conducted to measure the surface area of the paper pulp. The result showed that the surface area of paper pulp is fairly low, which is 1.15 m 2 /g. The low surface obtained was mostly due to the large size of the adsorbent, which in turn will limit the surface contact area. In comparison with literature study, the average surface area for efficient adsorbent is approximately 200m 2 /g. However, even though pulp has very small surface area, it will still be used as the adsorbent for methylene blue to be analyzed further. Table V shows the results obtained using first defined set of parameters designed. An equation to predict the removal percentage of methylene blue based on the first set of parameters ranging as specified above is presented in equation (2) where, A is defined as initial concentration, in ppm. B is pH, while C is shaker speed, in rpm. If the response is well modeled by a linear function of the independent variables, then the approximating function is a first-order model. If there is a curvature in the system or in the region of the optimum, then a polynomial of higher degree is employed tin order to predict the response. This developed model is used to analyze and locate the optimum conditions based on the set of independent variables in a way that the partial derivative of the model response with respect to the individual independent variables is equal to zero. The ultimate goal of RSM is to find out the optimum operating conditions for the system, or to establish the region, which more suits the operating specifications [17] . Almost all RSM problems utilize one or both of these approximating polynomials [18] . In the analysis of variance (INNOVA) performed by the software the non-significant terms were removed from the model. The significance of the parameters was performed with statistical Prob. >F. Initially; there were two non-significant relation terms in the analysis of the software, which were removed from the model. The second order relationship between initial concentration and initial pH was removed as well as the second order interaction between initial concentration and shaker speed to increase the significance of the graph. By removing the unrelated variables, the standard deviation of error was reduced from 2.03 to 1.92, with a high coefficient of correlation (R-squared) of 0.982 with an average removal percentage of 80.38%. An equation to predict the removal percentage of methylene blue based on the parameters ranging as specified in the scope shown in equation (2) where A is defined as initial concentration, in ppm. B is pH, while C is shaker speed, in rpm. A graph of actual vs. predicted was plotted using the software to check the complying of the experimental data with the model generated and is presented in Fig. 3 , the predicted percentage removal does comply with the actual removal from experiment. 
B. Adsorption of Methylene Blue (Set 1)
1) Effect of initial concentration and ph on percentage removal
The changes in initial concentration and initial pH will affect the removal percentage of methylene blue. To observe the interaction between these two parameters, a 3D graph is plotted as shown in Fig. 4 with constant shaker speed of 200 rpm. The effect of initial concentration towards removal percentage can be seen where the removal percentage tends to drop between 1 and 5 ppm. However, even though the removal percentage is lower, it will still give higher adsorption capacity. This is due to the presence of unoccupied sites of adsorbent during the experiment at lower concentration, which will still be able to take dye pigment when concentration is gone up. At the other hand, at concentration varied from 5 to 10 ppm, it behaves differently as the removal percentage goes up again with the increment of adsorption capacity as well. As dosage is maintained at constant 4 g/L and the reaction time is also fixed at 10 minutes, it is possible to see the instability of pulp characteristic as the adsorbent for the range of low concentration. as a comparative study done by Karima et al. [19] , when clay is used as the adsorbent, the removal of methylene blue is yet unstable at very low concentration range, which is from 1 to 20 ppm. In order to obtain the stability of adsorption, reaction time should be put longer about 30 to 40 minutes. From Fig. 4 , effect of pH to the removal percentage of methylene blue can be observed as well. An upward curve pattern can be seen from the range of the pH. This correlation complies with the zeta potential testing for different pH of adsorbent where the most negative charge adsorbent will be obtained at pH ranged from 5.5 to 7. As the negative charge increases, the removal of methylene blue will increase as well. In combination between initial concentration and initial pH, maximum removal percentage can go up to 95.29%, where the initial concentration is set at 10 ppm and initial pH 7. Adsorption capacity was calculated and found to be 1.31 mg MB/g pulp. This is considered a low adsorption capacity in comparison with activated carbon that has more than 200 mg MB/g adsorption capacity [4] . However, comparing the cost of the waste paper to activated carbon makes this sorbent a potentially favorable material for sorption process. Fig. 6 and Fig. 7 show the 3D relation between initial concentration, shaker speed, by varying the pH at its central, highest and lowest range, respectively. As could be noted the variation in the pH does change the trend of the interaction between the 2 other parameters. The increasing of shaker speed will improve the removal of methylene blue due to a better contact between the dye molecules and the adsorbent. This will eventually lead to a faster equilibrium time, and oppositely when shaker speed is reduced, longer time is required in order for the adsorption to reach equilibrium. The unique point of the relation come at pH 7 as shown in Fig. 5 where there was a white layer plotted in the Design Expert Software. This white layer represented the removal percentage predicted that went higher than 100% by the interpolation of the software. This is considered as the error by the software and further study should be done in order to minimize the error. The reason to this error is that the RSM software only relies on values to make the predication and a certain level of error in the prediction is unavoidable. Other than that, the three graphs showed high reliability of paper pulp as adsorbent on these parameters, which is confirmed by the wide range of methylene blue removal from as low as 43% to as high as 99%. Maximum adsorption capacity that can be achieved in this correlation is found to be 2.5 mg/g. With different variables being observed, it was still concluded that paper pulp even though can show high rate adsorption for methylene blue dye, yet since the sorption capacity is low large amount of waste paper might be required for the same amount of removal as compared to other commercial sorbents.
2) Effect of initial concentration and shaker speed on percentage removal
3) Optimization of methylene blue adsorption for set 1
Optimization of the adsorption process was carried out using response surface methodology. By using numerical optimization process, each of the parameters was set to obtain the highest removal percentage as possible. Table VI shows the configuration of each variable, where the three parameters involved in the study are all set in range, and the removal percentage is set at maximum level. Sets of parameter values were then produced with the expected removal percentage. In order to confirm the validity of the model those 3 set points were tested and error was calculated by the difference between predicted and experimental outcome. The result of the optimization is shown in Table  VII . Since the error from the experimental and predicted value is not significant (<5%), it could be concluded that the response surface methodology approach was valid. 
C. Adsorption of Methylene Blue (Set 2)
In Second part, the effect of reaction time, adsorbent dosage and ionic strength were investigated, with dye initial concentration of 5ppm which is the average of the dye concentration in this experiment. Table VIII shows the results obtained from the defined set of these parameters. The following quadratic regression model was generated to predict the behavior of set 2 parameters using RSM. It was important to ignore the insignificant interaction between variables having "Prob>F" less than 0.05 [20] . Hence, term A2, B2, C2, AB and AC were removed due to their high "Prob>F" value higher than 0.05. In other words, these terms are not effective in analyzing the percentage of dye removal. Besides, the predicted against actual responses was plotted by the software and it can be seen in Fig. 8 . The predicted values are calculated from RSM while the actual values are measured from the experiment. It was observed that the correlation coefficient (R 2 ) value is relatively high at 0.9621. This pictures the reliability of the model fitting the experimental data at a high level of confidence. 
1) Effect of ionic strength and reaction time on percentage removal
To study the effect of ionic strength on the percentage of dye removal, sodium carbonate which is an ionic compound was varied between 0 g/L to 1 g/L. Theoretically, Al-Degs et al. highlighted that when the adsorbent and dye are of opposite charges, the adsorption is expected to decrease with the increase in ionic strength [2] . However, the experiment conducted did not comply with this theory, although methylene blue and waste paper are of the opposite charges. Instead, the percentage of dye removal increases with the concentration of sodium carbonate at all times as shown in Fig. 9 . For instance, at a reaction time of 1 minute, the percentage of dye removal increases from 31.84% to 53.12% when the concentration of sodium carbonate increases from 0 g/L to 1 g/L. This increase was explained by the same researchers where it was concluded that the repulsion force between dye molecules can be reduced when salt is added and therefore this can lead to higher sorption possibilities With the aggregation of methylene blue dye molecules caused by the salt ions, the extent of adsorption on the surface of waste paper can be increased [2] . Hence, higher ionic strength in the solution caused better aggregation of dye molecules which will then lead to higher percentage of dye removal.
2) Effect of adsorbent dosage and reaction time on percentage removal
To study the effect of reaction time on the percentage of dye removal, the reaction time was varied from 1 minute to 20 minutes. As shown in Fig. 10 , it can be seen that at any adsorbent dosage, the percentage of dye removal increases with reaction time and after a certain period of reaction time, the percentage of dye removal will decrease with reaction time. For instance, with adsorbent dosage of 1 g/L, the percentage of dye removal will increase from 7.68% to 41.92% when reaction time increases from 1 minute to 14 minutes. However, the percentage of dye removal decreases from 41.92% to 32.22% when the reaction time increases from 14 minutes to 20 minutes. According to Dutta et al. [8] , a longer reaction time will allow the dye molecule to have more time to find an active site on the adsorbent. Hence, the percentage of dye removal will increase with reaction time. Nonetheless, it was found that after a certain International Journal of Environmental Science and Development, Vol. 6, No. 4, April 2015 period of reaction time, the adsorbent is fully saturated causing the surrounding environment to have a lower concentration of dye. This difference in concentration will cause a mass transfer where the dye molecule will move from a higher concentration region to a lower concentration region which describes the desorption process [8] . Therefore, this explains why the percentage of dye removal decreases with reaction time after a certain period of reaction time.
3) Effect of adsorbent dosage and ionic strength on percentage removal
To study the effect of adsorbent dosage on the percentage of dye removal, the dosage was varied from 1 g/L to 7 g/L. As shown in Fig. 11 , at any concentration of sodium carbonate, the percentage of dye removal increases with adsorbent dosage and after a certain amount of dosage, the percentage of dye removal decreases with adsorbent dosage. For instance, at 1 g/L of sodium carbonate, the percentage of dye removal increases from 53.44% to 90.61% as the dosage of adsorbent increases from 1 g/L to 5 g/L. However, the percentage of dye removal decreases from 90.61% to 84.14% as the adsorbent of dosage increases from 5g/L to 7 g/L. According to a study done by Dutta et al. [8] , the percentage of dye removal will increase with dosage of adsorbent due to the much more active site for the dye molecule to attach on. Nonetheless, there is a decrease in the percentage of dye removal after a certain amount of adsorbent dosage because at higher dosage of adsorbent, the particles that made up the adsorbent may overlap each other and hence blocking some active sites for the dye molecule to attach on [8] . Therefore, this explains the decrease in dye removal percentage at higher amount of adsorbent.
4) Process optimization (Set 2)
The Response Surface Methodology was utilized to further optimize the independent variables. It was desired to achieve the highest percentage of dye removal within the specified range of reaction time, dosage of adsorbent as well as concentration of sodium carbonate. Table IX shows the optimized values of respective independent variable with the predicted percentage of dye removal calculated via RSM, experimental percentage of dye removal and percentage of error for each set of experiment. The errors calculated in Table IX were mainly due to error occurred during the experiment. For instance, run 1 requires 4.71g/L dosage of adsorbent. However, it was difficult to measure the amount of adsorbent precisely at 4.71 g/L and hence an approximated value was taken. In addition, according to any percentage error under 5% is acceptable. Therefore, the errors calculated in Table IX are acceptable and it also verifies the reliability of RSM to optimize the independent variables involved in this study. 
5) Equilibrium study
An equilibrium study was performed to investigate the equilibrium concentration and equilibrium time for methylene blue dye at 1,3,5,7 and 9 ppm. In this study, a system was said to have achieved equilibrium when the final concentration of dye is almost constant with time. At this point of time, the number of dye molecules adsorbed is equal to the number of dye molecules desorbed [20] . On the other hand, a graph of final concentration of methylene blue dye against time for various initial concentration of dye was plotted to show the equilibrium curve as presented in Fig. 12 . It was observed that the equilibrium concentration and equilibrium time increases with the concentration of methylene blue dye. The equilibrium curve for methylene blue at 1 ppm has a horizontal line due to the low dye concentration compared to the other four equilibrium curves, which were done at a higher dye concentration. At such low concentration, with same amount of adsorbent, the concentration will decrease rapidly compared to those that are of high concentration. Hence, it was difficult to measure the equilibrium concentration and time for low concentration of dye. Table X shows the equilibrium concentration and equilibrium time for respective dye concentration.
According to [19] , equilibrium time for low concentration of methylene blue is 7-10 minutes. The experimental study showed a similar trend where 7 minutes the maximum equilibrium time at 9ppm concentration of MB was. However, at higher concentration of methylene blue such as 100 ppm, the equilibrium time can jump up to 3 hours.
IV. CONCLUSION
Due to the demand for sustainable process in engineering fields, the usage of paper pulp as adsorbent for MB removal in waste water could be considered as an option. Though papers do not have a large surface area, the ability to absorb MB in low concentration is proven to be feasible. With further research for isotherm study and testing at high concentration of pollutant, waste papers could be great idea for sustainability idea compared with conventional method such as using commercial activated carbon.
ACKNOWLEDGEMENT
The Authors of this work highly acknowledge School of Engineering, Monash University Malaysia for the endless support. Also Ms. Adeline Saw Phaik Joo who has helped a lot in having this research done during her final year project.
